ITAMIN and mineral supplement products are widely consumed by older adults in the United States. Depending on the population studied, rates of usage range from 26% to 80% (1, 2) . Most studies have reported that supplement use is more frequent among women, the welleducated, the typically healthy, and those who have higher incomes (3, 4) . Because most studies have been small, there has been limited examination of ethnic variation in supplement use. When ethnicity has been studied, research has found elderly minority persons less likely to use vitamin and mineral supplements (5) (6) (7) .
The dietary requirements of adults change as they grow older, placing older adults at nutritional risk because of a decreased need for energy, but a constant or even increased need for some vitamins and minerals (8) . Vitamin and mineral supplements provide a means of ensuring adequate intakes of such nutrients, but few studies have examined their usage in terms of nutritional risk. That is, are supplement users consuming supplement products to correct inadequate intakes from food? Because most supplement users take supplements on individual initiative rather than physician advice (9) , it is likely that supplement use is not based solely on nutritional risk.
Older rural adults have been recognized as a group at possible risk for health and nutritional problems. As a whole, rural adults have lower levels of education, lower incomes, and problems accessing health care because of issues of distance, transportation, and limited health care options. All of these reasons, plus limited grocery store options, more expensive groceries at those stores, and reduced ability to engage in home food production with advancing age, may place older rural adults at particular risk for nutrient deficiencies (10) .
This study responds to some of these shortcomings in existing studies by focusing on supplement use in a multiethnic population in a rural area with a moderately high rate of poverty. The purpose of the study is as follows: (i) describe supplement product use by ethnicity, gender, and other selected demographics among older rural adults living in North Carolina; (ii) relate supplement usage to adequacy of nutrient intake from diet; and (iii) determine predictors of degree of supplement usage in this population.
M ETHODS

Sample
The sample consisted of 130 community-dwelling residents aged 70 and older from two counties in North Carolina. The counties were chosen because they are largely rural and have sizable elderly minority populations (37% of V Downloaded from https://academic.oup.com/biomedgerontology/article-abstract/55/10/M613/636253 by guest on 13 March 2019 the adults 65 years and older are African American or Native American). The older adult populations of these counties experience high rates of poverty. The 1990 census reports a poverty rate of 32.4% for one county and 26.1% for the other (11) . Participants were recruited using a site-based strategy designed to produce a sample representative of the range of health and socioeconomic statuses present in the population of these counties (12) . In this sampling plan, a set of 45 "sites" was recruited, including congregate meal programs, churches, social clubs, veterans organizations, and social service agencies, such that the members or clientele of these sites represented a cross-section of the community. Elderly persons were then recruited by research personnel from the roster of clients at each site with the assistance of site directors (e.g., senior center directors, club officers, and ministers). Older minority adults and men were overrecruited so that valid comparisons could be made between ethnic groups. This sampling and recruitment plan provided a means to recruit a sample representative of these two counties while gaining entrée to the communities through introductions by community members (13) .
Data Collection
Data were obtained in face-to-face interviews conducted in participants' homes. In a few cases, participants chose to be interviewed at another location, usually a senior center. Demographic and personal data included gender, ethnicity, age, marital status, tobacco use (smokeless and smoked), weight, chronic conditions, and number of prescription medications. Weight was measured using a professional quality portable scale (Health O-Meter, Bridgeview, IL).
Dietary data collection was designed to measure usual dietary intake over the preceding year. Data were collected using the semiquantitative food frequency questionnaire (FFQ) component of the National Cancer Institute Health Habits and History Questionnaire (14) . The version used had been modified to improve ethnic food choices and validated (15) . The FFQ has been validated for use in an older population and was used to assess dietary intake for the Third National Health and Nutrition Examination Supplemental Nutrition Survey of Older Americans (16, 17) .
Specific steps were taken to overcome known problems of underreporting on FFQs (17) . Interviewers attended a training session devoted to FFQ dietary data collection and completed practice interviews. The FFQ was intervieweradministered with response categories printed in large font on cue cards to assist respondents. Interviewers used standard techniques that included extensive probing to obtain complete data (17) . FFQ administration took 30 to 60 minutes. Interviewers were knowledgeable about local food preparation and consumption patterns, which increased their ability to interpret local food names and probe for appropriate condiments and preparation techniques. The data collected were analyzed using the DietSys software package (National Cancer Institute, Bethesda, MD) (17) . Quality assurance procedures included double-entry of all data and edit checks for extreme values.
As part of the FFQ, participants were asked if they took any vitamin or mineral supplements during the past month. The assumption was made that the 1-month intake pattern was applicable for the whole year. Because interviews took place in the home, interviewers were able to document the type, brand, and composition of supplements taken. Data were collected on frequency of supplement usage (pills per day, week, or month) and dosage per pill. Eight vitamins and minerals were assessed in the analysis presented here: calcium, iron, zinc, folate, and vitamins A, C, E, and B 6 . Intake for these was calculated from all supplements reported, including combination supplements (e.g., multivitamins) and single nutrient supplements.
Measures
Three measures of daily intake were created for each participant for each of the eight nutrients of interest. Dietary intake of each vitamin or mineral was calculated from the food items of the FFQ, supplement intake was calculated from the vitamin and mineral supplement items of the FFQ, and total intake was obtained by summing the dietary and supplement intakes. Participants were considered deficient for a particular nutrient if their dietary intake for that nutrient was less than 2/3 of the recommended dietary allowance (RDA) for persons aged 51 years and older. Participants were coded as supplement users if they reported any vitamin or mineral supplement usage, and supplement nonusers if they reported no supplement usage. To assess the degree of supplementation , the number (0 to 8) of nutrients obtained through supplements was calculated for each participant.
Data Analysis
Chi-square tests were used to assess the association of deficiency and supplement use with the participant's demographic characteristics. Logistic regression was used to assess which characteristics were jointly predictive of deficiency and supplement use. Age, weight, gender, ethnicity, marital status, number of chronic conditions, and number of prescription medications were included in the model. A backwardstepping algorithm was used to remove nonsignificant factors from the model. Regression techniques were then used to assess which factors were predictive of the degree of supplementation. The significance level used was p Ͻ .05.
R ESULTS
Study participants ranged in age from 70 to 94 years with a median of 78 years. Eighty of the 130 participants (62%) were women (Table 1) . Forty-four (34%) were African Americans, 47 (36%) were European Americans, and 39 (30%) were Native Americans. Forty-nine (38%) were currently married. All but seven of the participants had at least one chronic condition. Most participants (81%) were taking prescription medications, and the number of medications ranged from 0 to 20. Table 1 compares characteristics of supplement users and nonusers. A higher proportion of women and a higher proportion of those married took supplements, but none of these associations was statistically significant. However, the association between ethnicity and supplement use was highly significant ( p Ͻ .001). Sixty-four percent of European Americans took supplements, compared with 51% of Native Americans, and only 25% of African Americans. Not only did African Americans take supplement products less often, they supplemented fewer of the eight nutrients we investigated than the men and women of other ethnicities (data not shown). Of the 30 European Americans taking supplement products, 19 (63%) supplemented all eight of the nutrients. This compares with 50% (10 of 20) of Native Americans and 36% (4 of 11) of African Americans.
Nutrient intake, dietary deficiency, and supplement product use are shown in Table 2 . There was considerable variation by nutrient in the number of participants with deficient dietary intakes, ranging from 0% for folate to 60% for zinc. Eighty-four participants (65%) were deficient in at least one of the eight nutrients; 23 (18%) were deficient in one, 33 (25%) in two, 13 (10%) in three, 9 (7%) in four, 2 (2%) in five, and 4 (3%) in six nutrients.
Sixty-one participants (47%) supplemented at least one of the eight nutrients. Of those who took supplement products, over half (33 of 61, 54%) supplemented all eight, primarily in the form of multivitamin pills. Supplementation of each of the eight nutrients occurred to a similar degree ( Table 2 ). The least supplemented nutrients were zinc, iron, and vitamin A, each supplemented by 28% of the participants. The most common supplement nutrients were vitamins E and C, supplemented by 38% and 41% of the participants, respectively. Table 3 shows supplementation of each nutrient by dietary deficiency status of participants. Supplement use was not related to dietary deficiency. Indeed, for six of the eight nutrients (vitamin A, vitamin E, folate, vitamin B 6 , vitamin C, iron, and zinc), a greater percentage of participants who were not deficient supplemented that nutrient than those who were deficient. For example, 38% of participants consuming an adequate amount of zinc in their diets supplemented zinc compared with only 21% of those whose dietary levels were deficient.
Logistic regression was used to determine which factors jointly predicted whether a person used any supplements (Table 4) . Of those variables entered in the regression, three remained significant or of borderline significance. Ethnicity ( p ϭ .0005) and gender ( p ϭ .0382) were significantly associated with using supplements. The odds of taking supplements were 5.70 and 3.55 times higher for European Americans and Native Americans, respectively, compared with African Americans. Women had a 2.78 times greater odds of taking supplements compared with men. Marital status was of borderline significance ( p ϭ .0819), with married men and women more likely to take supplements compared with those not married. 
C ONCLUSIONS
The demographic distribution of vitamin and mineral supplement usage found in this study is quite similar to that reported in other studies, with women and married persons more likely to report using supplement products (3) (4) (5) (6) (7) . This study extends previous research by demonstrating this distribution in a rural and largely minority community with a relatively high poverty rate. One of the limitations of this study was that income data were not collected. The decision not to gather these data was made because it would likely have resulted in considerable missing data if respondents refused to answer the questions. In addition, the preliminary research to gain entrée into these communities showed that older adults had been sensitized by children and by senior service organizations to regard such questions as part of attempts by outsiders to defraud older adults (13) .
Ethnicity was strongly associated with supplement use, with African Americans significantly less likely to use supplements than any other group. Further study is necessary to understand why this is the case and why European Americans and Native Americans are similar in usage. It is possible that there is greater emphasis on preventive health behaviors among these groups. Previous studies in the general adult population have shown that supplement use is associated with such behaviors as active lifestyle, not smoking, and cancer screening (4, 18) . This study goes beyond previous studies of older adults to examine vitamin and mineral supplement usage in the context of dietary intakes. These results indicate that there is little association between dietary deficiency and supplementation for the eight nutrients examined. Those persons taking supplements are more likely to have adequate diets for these nutrients than those who do not. This leads to the speculation that both diet and supplementation behaviors reflect similar knowledge and beliefs about health promotion, rather than attempts to compensate for dietary deficiencies. In other studies of the general adult population, supplement users have been found to consume more fruits, vegetables, and dairy products (4, 18) .
Only a subset of nutrients essential for health and functioning was examined in this study. Yet even with this small group of nutrients, 65% of all participants had diets that were deficient in one or more nutrients, highlighting the difficulty these older adults have in planning, obtaining, or consuming a nutrient-dense diet. Although recommending vitamin and mineral supplements remains a controversial topic (17, 18) , vitamin-mineral supplementation may be the best way for this group to get the nutrients they need if they are unable to consume a well-balanced diet (19, 20) .
This study used the most recent recommended dietary allowances (RDAs) as a reference standard for evaluating dietary intakes (21) . These will eventually be replaced by the dietary reference intakes (DRIs), which are currently under development. The DRIs will provide estimates of nutrient needs based on more current research and expand the focus of recommendations from deficiency diseases to long-term health, including chronic disease (22, 23) . They were not used in the present study because they are not yet available for all nutrients and some are only available in prepublication form. Examining the DRIs proposed for some nutrients, however, shows that the present study presents a very conservative estimate of vitamin and mineral deficiency in this rural population. For example, the DRIs will recommend an increase for folate to 400 g of dietary folate equivalents in the daily reference standard for adults within the age range of our study participants. Had this figure been used in these analyses, 34% of the elderly persons studied would have been considered deficient in folate, compared with 0% using the current RDAs. Similarly, the DRIs will recommend an increase in the daily reference standard for older adults for calcium to 1200 mg. Had this figure been used, 61% rather than 24% of the elderly persons studied would have been considered deficient in calcium. Thus, the use of the DRIs in future research will likely classify even more older adults as deficient for those nutrients most closely associated with chronic disease and disease prevention.
The present study collected cross-sectional supplement use data. More accurate assessment of supplement use can be obtained in longitudinal designs (24) , and these should be the focus of future research. The use of biomarkers of nutritional status would further strengthen future studies by providing a means to verify nutrient excesses and deficiencies. Regardless of the limitations of the present study, its findings indicate that vitamin and mineral supplement prod- Notes : OR ϭ odds ratio; CI ϭ confidence interval.
ucts are frequently used by rural adults, but intake is related to gender and ethnicity, not dietary deficiency. Health care providers should be alert to this and counsel their patients accordingly.
